Nesidioblastosis is a clinically, pathologically, and genetically heterogenous disease observed in neonates with persistent hyperinsulinemic hypoglycemia of infancy, but it is very rare in adults. 1 Although progression from nesidioblastosis and islet hyperplasia to pancreatic tumors has been observed in an animal study using transgenic mice, 2 islet cell tumors associated with nesidioblastosis in human are exceedingly rare.
3,4 Herein we report a very unusual case of nesidioblastosis coexisting with a pancreatic non-functioning islet cell tumor in an adult with type 2 diabetes mellitus (type 2 DM).
CASE REPORT
A 43-year-old woman was hospitalized due to fever and right flank pain with a 2-year history of type 2 DM treated with oral hypoglycemic agents. Physical examination indicated right flank knocking tenderness. All laboratory findings were within normal limits, except for an increased white blood cell count in blood and urine, and elevated blood sugar level (201 mg/dL). Abdominal computed tomography showed a right ureteral stone with pyelonephritis. A 3.6 cm-sized cystic lesion in the pancreatic head was found incidentally (Fig. 1A) . After treating the pyelonephritis, the patient underwent a pylorus-preserving pancreatico-duodenectomy and double Roux-en-Y reconstruction based on a pancreatic cystic tumor, such as a solid pseudopapillary neoplasm or serous cystadenoma. Grossly, the cut surface of the pancreas head revealed a well-demarcated, solitary cystic mass that measured 5.6×3.7 cm and was dark red in color, with a soft cut surface and extensive hemorrhage (Fig. 1B) . On serial-sectioning, adjacent non-tumor pancreatic tissue appeared normal in gross examination. Histologically, the pancreatic mass was surrounded by a fibrous capsule consisting of nests or trabecular cords of neoplastic cells with extensive hemorrhage and coagulation necrosis ( Fig. 2A) . The neoplastic cells were relatively uniform, with round or irregular nuclei and abundant eosinophilic cytoplasm, and revealed a centrally located round to oval nucleus. The chromatin pattern was characteristically coarsely clumped. Mitoses were very difficult to find. Lymphovascular invasion of the tumor cells was not observed. The neoplastic cells stained diffusely positive for synaptophysin and chromogranin (Fig. 2B ), but were negative for insulin and glucagon. The proliferation index was very low on the Ki-67 immunohistochemistry stain. Based on the histological and immunohistochemical findings, the tumor was diagnosed as a non-functioning pancreatic neuroendocrine tumor. There were a number of irregularly distributed hyperplastic islets throughout the uninvolved pancreatic parenchyma, and their contour and size were markedly variable (Fig. 2C ). Many islets were closely associated with pancreatic duct structures (Fig. 2D) . Hyperplastic islets were characterized by the presence of islet cells showing enlarged hyperchromatic nuclei with pleomorphism (Fig. 2E) . The majority of these dysplastic islet cells were positive for insulin, but negative for glucagon (Fig. 2F) . The histology of the non-tumoral pancreatic tissue was compatible with diffuse nesidioblastosis. She remained free of any sign of recurrent tumor and her diabetic symptoms were controlled with oral hypoglycemic drugs for 40 months after surgery.
DISCUSSION
Nesidioblastosis is a hyperfunctional disorder of pancreatic insulin-producing cells characterized by hypertrophic β cells, which are present in enlarged or normal-appearing islets. 1 The morphological criteria for establishing its diagnosis are the presence of variable-sized islets, often with somewhat irregular outlines, and irregular and poorly-defined endocrine cell clusters scattered in the acinar parenchyma and often intimately connected with small or large ducts. Another feature is distinct islet cell hypertrophy with nuclear enlargement, which often results in the presence of giant and bizarre nuclei.
1,3-5 Nesidioblastosis is the most common cause of persistent neonatal hypoglycemia, but it is rare in adults. 1, [3] [4] [5] [6] [7] Since adult nesidioblastosis was first reported in 1980, 4 a few cases have been reported in association with pancreatic tumors. 3, 6 A previous study demon- strated that mice carrying a Moloney murine sarcoma virussimian virus 40 large T transgene develop nesidioblastosis and islet cell proliferation and finally progress to pancreatic neuroendocrine tumors. 2 A patient with a spectrum ranging from nesidioblastosis and islet cell hyperplasia of the pancreas to multiple adenomas with metastases has been reported, suggesting the association of nesidioblastosis with proliferative and neoplastic conditions. 4 Islet cell tumors associated with nesidioblastosis are usually insulinoma, 2, 4 and only a few cases of nonfunctioning islet cell tumors associated with nesidioblastosis have been reported, as in our case. 3, 6 Similarly, among 23 developed pancreatic tumors in transgenic mice, 91% of the tumors were insulinoma, and one was a non-functioning neuroendocrine tumor, based on immunohistochemical stain. 2 Sporadic hyperinsulinemic hypoglycemia is the main clinical feature of nesidioblastosis and almost all cases have been detected because of hypoglycemia-related symptoms.
1,3-5 However, our case had no symptoms of sporadic hyperinsulinemic hypoglycemia. The pathogenesis of nesidioblastosis and its significance in DM in adults remain elusive. Nesidioblastosis in adults could be a genetic defect like in neonates or a reactive process that occurs in response to metabolic and hormonal changes. 7 Indeed, the histologic features of nesidioblastosis also occur in several conditions, such as chronic pancreatitis, in states of insulin resistance, and after gastric-bypass surgery in patients with morbid obesity, all of which are associated with diabetes. [7] [8] [9] Increased production of a β cell trophic peptide, including insulin-like growth factor (IGF) 2, IGF 1 receptor-α, and transforming growth factor-β receptor 3, may contribute to the development of postgastric bypass nesidioblastosis in adults. 9 In fact, there are reported cases of nesidioblastosis associated with pre-existing diabetes in adults. 8, 10 We speculate that islet hyperplasia and nesidioblastosis in diabetic patients could be a reactive process, reflecting a compensating mechanism for β cell destruction or functional insufficiency.
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